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ABSTRACT

Neurofibromatosis type 1 (NF1) is a hereditary disease with variable clinical manifestations. This study was per-
formed in a Chinese three-generation family containing two members with NF1. Two novel mutations,
¢.853_854insTC and c.1975_1976delinsTA, were identified in the same allele in both patients by direct sequencing.
By reverse transcription polymerase chain reaction, we found that the NF1 transcript contained the first mutation
instead of the second mutation, suggesting a pathological role of ¢.853_854insTC mutation. Case reports of
patients with two NF1 mutations in the same allele have not been reported. Our findings expand the known spec-
trum of NF1 mutations and the ongoing recognition of different mutations may give insight into the mysterious

NF1 pathogenesis.
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INTRODUCTION

Neurofibromatosis type 1 (NF1; Online Mendelian Inheritance in
Man no. 162200) is a progressive hereditary disorder charac-
terized by variable clinical manifestations.” NF1 is diagnosed
clinically based on the clinical diagnostic criteria created by the
National Institutes of Health (NIH) consensus development con-
ference in 1987.2 It is caused by mutations in the NF7 tumor
suppressor gene located at chromosome 17q11.2.% For as yet
unknown reasons, the NF1 gene exhibits one of the highest
reported mutation rates in any human disorder.* Additionally,
half of patients with NF1 have no family history of the disorder.
Genetic analysis of NF7 is necessary because presymptomatic
molecular diagnosis and genetic counseling are feasible only
when the pathogenic germ line mutation is already known.

CASE REPORT

Patients and controls

A family, comprising two NF1 patients and three unaffected
individuals, and 120 ethnically matched control individuals from
Jiangsu Province of China were enrolled in this study. The fam-
ily had no consanguineous marriages and this was consistent
with an autosomal dominant mode of inheritance of the

Chinese, deletion—insertion, mutation, neurofibromatosis type 1, NF1.

disease (Fig. 1). Diagnosis of NF1 was clinically based on the
NIH criteria established in 1987.2 Written consent was taken
before recruitment and sampling. Informed written consent of
minors was obtained from their guardians. The current study
conformed to the tenets of the Declaration of Helsinki and was
approved by the ethics committee of Shanghai Skin Disease
Hospital.

Mutation sequencing and analysis

Genomic DNA was extracted from peripheral blood and used
as a template for the polymerase chain reaction (PCR) amplifi-
cation of all 58 exons of the NF71 gene and flanking regions.
Using human genome data, Yu etal® obtained the full
sequence of all seven NF71 pseudogenes which are partial
duplications of the functional NF7 gene and bear large internal
deletions. Based on differences between the sequences of the
NF1 gene and its pseudogenes, specific primers were
designed (Table S1) to avoid pseudogenes. Some of the PCR
products were too long for DNA sequencing, and sites were
selected randomly to design additional specific primers to
sequence long PCR products. Moreover, nested PCR proto-
cols were adopted to amplify authentic exon 36 in the NF1
gene. The annealing temperature for long-range PCR primer
sets was 51-64 °C. A total of 20 ng of genomic DNA was
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Figure 1. Pedigree of the Chinese family with neurofibromato-
sis type 1. In the pedigree, black squares and circles are
affected males and females, respectively. White circles indicate
healthy subjects. Arrow denotes proband.

amplified in a reaction volume of 20 pL containing 0.2 U Taq,
2 mmol/L MgCl,, 0.5 pmol/L forward and reverse primers, and
200 pmol/L deoxyribonucleotide triphosphates. Amplification
conditions were as follows: 94 °C for 30 s, annealing tempera-
ture for 30 s and 72 °C for 1 min for 35 cycles. The extension
for NF1-E36 was 30 s and for NF1-E55 + 56 was 2 min. PCR
products were purified using a QlAquick PCR Purification Kit
(Qiagen, Hilden, Germany) and were sequenced using an ABI
PRISM® 3730 automated sequencer (Applied Biosystems, Wal-
tham, MA, USA). Mutations were identified by comparing with
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the corresponding genomic DNA reference sequence
NC_000017.10. In addition, samples from unaffected parents
and 120 unrelated population-match controls were sequenced
for the detected mutation to exclude the possibility of polymor-
phisms in the NF71 gene. In order to confirm the mutations
identified in our study, reverse transcription (RT)-PCR and DNA
sequencing were performed to look at the transcripts. Total
RNA extraction from peripheral blood lymphocytes and RT was
performed according to the manufacturers’ instructions (Invitro-
gen [San Diego, CA, USA] and MBI Fermentas [Waltham, MA,
USA]). The two pairs of cDNA primers used to amply exons 8
and 17 are provided in Table S2. After the products were con-
firmed with agarose gel electrophoresis, they were purified and
sequenced using dry terminator chemistry on an ABI PRISM®
3730 automated sequencer.

Clinical findings of the pedigree

The proband was a 38-year-old man born with café au-lait
(CAL) spots without mental retardation. Axillary skin fold freck-
ling was present at the age of 7 years. At the age of 17 years,
he developed subcutaneous neurofibromas, which gradually
became prominent and widespread over time (Fig. 2a,b).
Another characteristic feature was a giant CAL macule of
15 cm on his right buttock (Fig. 2c). The proband’s daughter
was 14 months old. She was born after a normal pregnancy of
40 weeks, through an instrumented vaginal delivery with a
birthweight of 3830 g . CAL spots were present on her face,

Figure 2. Clinical manifestations of patients with neurofibromatosis type 1 in the Chinese family. The 38-year-old proband of the
family presented cutaneous neurofibromas on the (a) face and (b) back. (c) A giant café-au-lait (CAL) macule, with a diameter of
15 cm, on the proband’s right hip. The 14-month-old girl showed CAL spots on the girl’s (d) neck and (e) abdomen. (f) Hemangioma

was also observed on the girl’s left chest.
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Figure 3. Sequencing results of the NF1 gene. (a) The novel frame-shift mutation c.853_854insTC in exon 8 of the NF7 gene (arrow)
was confirmed by cDNA sequencing in the proband. (b) Wild-type sequence was from an unaffected member. (c) The novel non-
sense mutation ¢.1975_1976delinsTA in exon 17 of the NF1 gene (arrow) was found in the proband by direct DNA sequencing. (d)

Wild-type sequence was from an unaffected member.

neck and abdomen with a diameter that varied widely from 0.5
to 3 cm (Fig. 2d,e). Hemangioma was also observed on her left
chest with a diameter of approximately 2 cm (Fig. 2f). Both
CAL spots and hemangioma had been present since birth. Fur-
thermore, no neurological abnormality was observed in either
patient, including a complete neurological exam, head com-
puted tomography and brain magnetic resonance imaging.

NF1 mutation identification and analysis

Sequence analysis of NF7 revealed two novel mutations,
€.853_854insTC in exon 8 and ¢.1975_1976delinsTA in exon
17, in both patients but not in the unaffected family members
(I:1, 1:2 or 11:2) and 120 healthy controls. Two novel mutations
were in the same allele and co-segregated with disease within
this family (Fig. 3).

DISCUSSION

Neurofibromatosis type 1 is an autosomal dominant inherited
disease with a prevalence of 1/2500-3000 individuals.® NF1 is
caused by mutations in the NF7 gene which is located on the
long arm of chromosome 17 at band 11.2 spans over 60 exons
distributed over more than 300 kb.”

In our Chinese pedigree, two novel mutations were identified
in the proband. The first mutation, c.853_854insTC in exon 8,
is a frame-shift mutation that generates pre-terminating codon
(PTC) at 10 codons downstream of the insertion site. The other
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is a complex deletion-insertion (delins) mutation in exon 17
that leads to two continuous missense mutations and a PTC at
the mutation site. Both mutations result in a truncated NF1
protein that ensures the development of this disease. Although
NF1 is a hereditary disorder, the proband’s parents did not
have any phenotype. We suggest that the two mutations in the
proband were spontaneous mutations. Moreover, the most
striking finding was that both of the two mutations were also
identified in his daughter, so we can conclude that the muta-
tions in the girl were inherited from her father and they were in
the same allele. To the best of our knowledge, case reports of
patients with two NF7 mutations in the same allele have not
been reported. Also, previous published works about two
mutations in one allele with other diseases are rare, except for
two reports.®® So far, the mechanisms of two mutations in one
allele have been unknown. In order to further confirm which
one is pathogenic, RT-PCR was performed at mRNA level; the
first mutation (c.853_854insTC) was detected (Fig. 3a) but the
other mutation (c.1975_1976delinsTA) was not. That is to say,
the mutant mRNA of the second mutation may be degraded by
nonsense-mediated mRNA decay. Both pieces of evidence
suggest that the ¢.853_854insTC mutation is pathological.
Comparatively, the significance of the ¢.1975_1976delinsTA
mutation is very limited, given no mutation-containing mRNA
was identified. Further research is required to elucidate the
pathogenic mechanisms of the NF7 underlying these two
mutations.
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Moreover, infantile hemangiomas (IH), the most common
benign vascular tumor in infancy,'® was observed in the pro-
band’s daughter. Higher risk is associated with several well-
known factors, comprising female sex, prematurity, multiple
gestation and white, non-Hispanic background.'" So far, case
reports of patients with IH with NF1 have been little reported,
except for two case reports.'®'® So, there is no conclusive evi-
dence that the mutation of NF7 is sufficient to cause IH.
Accordingly, we suggest that the coexistence of these two
unrelated diseases is a simple coincidence more than an intrin-
sic mechanism, and that a large case—control study is needed
to further validate.

In summary, two novel mutations, c.853_854insTC and
¢.1975_1976delinsTA, in the same allele in both of the patients
were reported. This study described a careful analysis of the
first case with two NF1 mutations on the same allele. The
ongoing recognition of different mutations may give insight into
the still unknown mechanisms involved in the development of
NF1.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Table S1. DNA primers

Table S2. cDNA primers
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